Intensity fluctuations are investigated using the fast camera imaging technique in the slab annular plasma as a function of magnetic shear and connection length in the spherical tokamak QUEST. Note that here QUEST is operated as a simple magnetized torus with a tight aspect ratio. Slab annular plasmas feature open magnetic field lines and can mimic the tokamak edge-scrape off layer (SOL)-like plasma attributes reasonably well. Three magnetic shear regimes are realized using three poloidal magnetic field (PF) coil pairs. A whole range of connection lengths (∼∞ L c 5.5 m) is scanned by varying the PF strength for a given toroidal field for each magnetic shear regime. For the first time a systematic study of the effect of magnetic shear and field line pitch together on edge-SOL-like plasma fluctuations is being reported. Slab plasmas with intermediate magnetic shear are observed to be more susceptible to generate distinct blobs when L c is reduced by increasing the PF strength. A distinct coherent mode appears only at the lowest magnetic shear slab featuring a deep potential well. Such mode is not apparent at other magnetic shear cases even at the same L c . Finally, with a combination of PF coil pairs, both the features of intermediate and low magnetic shear slabs are shown to be realizable simultaneously. Significantly stronger blobs are observed with such combination of PF mirror ratios in the presence of a coherent mode. This study may provide better insight into the effect of magnetic configuration in the tokamak edge and SOL turbulence and can help in searching for better tools to control cross-field convective intermittent transport in tokamaks.
Introduction
The performance of the plasma core and core to edge transport of heat and particle fluxes are greatly influenced by the turbulent plasma processes at the edge. The edge and scrape off layer (SOL) regions are particularly important since they bridge the hot core and the material wall. The key to demonstrate the ratio of thermal energy from the fusion reaction to that supplied by auxiliary heating, Q 10 in future fusion devices is, so far, the achievement of high energy confinement mode (H-mode) regimes, first discovered on ASDEX (Axially Symmetric Divertor Experiment) [1] in the early 1980s. In the H-mode the plasma pressure drops sharply over a narrow layer mid-way in the plasma edge and transport barriers appear at the edge. Once the H-mode is achieved, this pressure gradient tends to increase with time until the peeling-ballooning instability leads to a turbulent state triggering the edge localized modes (ELMs), which relax the transport barriers in a time span shorter than the energy confinement time τ c [2, 3] . ELMs are periodic bursts of hot dense plasma on a fast time scale (∼25-300 μs), followed by expulsion of edge plasma and MHD activity, leading to confinement degradation [4, 5] . Further, these bursts are potentially dangerous for the plasma facing components (PFCs) as huge heat and particle fluxes are dumped in each ELM event and eventually risks the lifetime of the PFCs. In reactor grade machines, like ITER and beyond, measures to check these deleterious effects will eventually hold the key for successful operation of the machine.
Broadband plasma density fluctuations dominate the edge turbulence with relatively high fluctuation amplitude as compared to the average density. Cross-field spatial scale is typically ∼0.1-10 cm (meso-scale), while along the field lines, they are typically elongated to the order of tens of meters. These are 3D filaments, whose poloidal footprints are often referred to as 'blobs' in 2D. They are observed as large intermittent bursts of density towards the SOL [6, 7] . An emerging trend in either mitigating or suppressing the convective bursts (blobs and ELMs) and their effects on the PFCs in the leading tokamaks worldwide, are the resonant magnetic perturbations (RMPs). RMPs are now known to control ELM bursts by relaxation of the edge transport barrier. This relaxation is realized by the local erosion of the barrier [5, [8] [9] [10] . The basic idea of ELM control by RMPs is to provide an alternative path of radial convective thermal flux by perturbing the magnetic field geometry locally at the edge.
Another school of thought for controlling the convective bursts of heat and particles is to search for any coherent mode at the edge, which is otherwise dominated by broadband fluctuations. These edge coherent modes can provide alternative channels of heat and particle out-flux and thus maintain the pedestal gradient sub-critical for the peeling-ballooning regime. Enhanced Dα (EDA) H-mode plasmas in Alcator C-Mod have shown certain advantages like good energy confinement, moderate particle confinement (no impurity accumulation), and without large ELMs [11] . Attainment of this regime is attributed to the presence of a quasi-coherent mode (QCM) at the edge. The QCM in C-Mod at ∼100 kHz produces strong outward particle transport in the edge region during the EDA H-mode regime, which limits the pedestal growth and eliminates the usual ELMs [12] . It has been seen that the EDA H-mode can be accessed at higher values of edge safety factor with a transition in the range of q 95 =3.5-4.0 and is likely to be ELM-free more for triangularity below δ=0.35. Thus, the magnetic configuration plays a crucial role in accessing the EDA H-mode in C-Mod [11] . Quasi-coherent fluctuations in DIII-D at ∼100 kHz plays a definitive role in the inter-ELM dynamics and tracks the evolution of the H-mode temperature gradient in the pedestal [13] . An electrostatic coherent mode (ECM) near the electron diamagnetic frequency (20-90 kHz) is observed in the steep-gradient pedestal region of long pulse H-mode plasmas in the Experimental Advanced Super-conducting Tokamak (EAST). This ECM drives a significant out-flux of particles and heat, thus greatly facilitating long pulse H-mode sustainment in the ELM-free regime [14] . Predominantly electrostatic quasi-coherent fluctuations have also been observed recently in Ohmic L-mode plasmas in NSTX [15] . Hence, unveiling the effect of magnetic configuration on the edge and SOL turbulence and devising better ways to control it, is clearly a necessary task.
Poloidal magnetic field (PF) curvature in combination with the toroidal field is known to determine electron trajectory and hence confinement in a toroidal plasma device. Thus, a vital role of the PF curvature on edge and SOL turbulence is envisaged. It was seen earlier [16] that fluctuation amplitude increased and deviated from Gaussian statistics with increase in vertical (B z ) to toroidal (B t ) magnetic field ratio (B z /B t ) and hence the shortening of connection length (L c ) in a slab annular plasma with simple magnetic geometry. Blob generation enhanced with B z /B t ratio even though effective gravity causing blob charge polarization and poloidal electric field inside blob caused by B t curvature, remain unchanged [16] . In similar magnetic topology in TORPEX, a transition of the turbulence from drift to interchange regime has been seen [17] . Flute like coherent modes (3∼6 kHz) are also observed in similar plasmas in BETA [18] . The origin of blobs results from the nonlinear saturation of the underlying edge turbulence or coherent magneto-hydrodynamic instabilities [16, 19, 20] . Hence, turbulence in the edge-SOL-like slab plasma need to be investigated thoroughly and the effects of PF curvature and strength need to be ascertained in the context of intermittent transport from the plasma edge through SOL.
Standard analyses, like frequency analysis, auto and cross-correlation, probability distribution functions (PDFs), and higher order moments of the PDFs (e.g. skewness, kurtosis) have been opted for edge turbulence data taken as both single point (space) time series [7 and the references therein] as well as 2D images taken with optical diagnostics [6, 16, [21] [22] [23] . More specialized statistical analyses like fractal dimensionality [7, 24, 25] and self-similarity [26] [27] [28] [29] [30] have been studied for single point time series data as well. However, such specialized techniques require data taken at high temporal resolution (∼1 MHz sampling rate), which is often a limitation for optical diagnostics. Hence, in our case too, 2D images taken at a sampling frequency of 20 kHz have been subjected to the standard analysis techniques. Such analyses have been proved to be effective to bring out several interesting features of the drift-interchange dominated turbulence regime in edge and edge-SOL-like plasmas.
Slab annular plasma is created in the spherical tokamak QUEST with electron cyclotron resonance heating (ECRH) at 8.2 GHz. The tokamak SOL, featuring open magnetic field lines, can be mimicked by these slab annular plasmas. This plasma configuration provides a unique scenario to study SOL-like plasma with a steep density gradient, similar to that at the separatrix of confined plasma, and a large radial extent (∼40 cm) to study the dynamics of radial convective intermittent transport. Several PF coil pairs are used, either separately or in combination, to vary the magnetic shear as well as field line pitch. The ECR fundamental layer is placed at the immediate vicinity of the center stack in this experiment. This provides an opportunity to study edge-SOL-like fluctuations in a wide and controllable parameter space in QUEST. Further, QUEST being a tight aspect ratio device (spherical tokamak), the PF curvature and pitch accessible here are fairly different from those of large aspect ratio devices like TORPEX and BETA. It can be noted here that even though QUEST is a spherical tokamak, it has been operated in this experiment as a simple magnetized torus like TORPEX and BETA with the exception of a tight aspect ratio. Distinctive features of plasma fluctuations as a function of both magnetic shear and field line pitch are demonstrated. It can be noted here that the plasma beta is as low as β∼10 −4 , and we are dealing with electrostatic fluctuations. Features of the convective intermittent bursts and conditions to trigger coherent modes in the otherwise broadband turbulence dominated regions are discussed. This is the first time a systematic study of the effect of PF mirror ratio/magnetic shear and field line pitch on edge-SOL-like plasma fluctuations is being reported. The paper is organized as follows: Experimental setup and the diagnostics are detailed in section 2. Spectral characteristics of the fluctuations are described in section 3. Statistical features of the fluctuations are discussed in section 4. Finally, the results are discussed and summarized in section 5.
Experimental setup
QUEST is a medium-sized spherical tokamak [31] with major and minor radii of 0.68 and 0.4 m, respectively. The diameters of the center stack and the outer wall are 0.2 and 1.4 m, respectively, with flat divertor plates at b (=±1 m) from the mid-plane. An open magnetic field configuration is realized with both toroidal (B t ) and vertical (B z ) magnetic field components without plasma current (<1∼3 kA, depending on the PF coil pair). Slab annular plasmas, intersecting the divertor plates, are initiated with hydrogen and using ECRH at a 2.45 GHz continuous wave, and pulsed with 8.2 GHz ECRH. In this pulsed phase, the 8.2 GHz ECRH driven slab plasma dominates. Each shot has multiple such pulses of 200 ms with each separated by 10 s. Plasmas extend vertically near the resonance layer R res (∼0.24 m) corresponding to the resonant field of B t_res =293 mT, and diffuse outwards depending on RF power and B z /B t . B z is varied in both curvature and strength by different PF coil combinations (PF 17, 26, and 35-12, as shown in figure 1(a) ) and coil currents. B t is kept constant in the experiment. Multiple shots are taken for a given set of operational parameters. PF strength can be quantified in terms of the pitch distance Δ z =2πRB z /B t , connection length of field lines L c =2πR2b/Δ z between the two divertor plates and pitch angle ϑ=tan −1 (B z /B t ). While referring to L c , we always specify it at R=0.48 m, which is slightly away from the source plasma and coincides with the ECR second harmonic. This radial location also represents the density gradient region and has been interpreted as the blob generation location earlier [16] . Radial profiles of the magnetic field at 1 kA coil current in the PF coils are shown in figure 2 . PF curvature can be demonstrated in terms of the magnetic shear J
and the mirror ratio ε=(B t_div /B t_mid ). For ε, the field lines starting at the second harmonic layer on the mid-plane, are traced to calculate B t at the launching (B t_mid ) and terminating point on the divertor (B t_div ). Three distinct S m regimes for three PF coil pairs (S m ∼1.05 for PF17,∼0.85 for PF26, and∼0.65 for PF35-12 at ECR second harmonic) are realized as shown in figure 3 (a). These three coil pairs will be referred, henceforth in the text, as HiMS (PF17 with high magnetic shear), InMS (PF26 with intermediate magnetic shear), and LoMS (PF35-12 with low magnetic shear). Corresponding ε are shown in figure 3 (b), provide deep (PF35-12), shallow (PF26), and negative (ε<1 for PF17) potential wells, respectively. The generation and confinement of energetic electrons having energy >10 keV were studied earlier using hard x-rays (HXR) emitted from them along the observation path [32] . The open magnetic field configuration in the LoMS regime, characterized by highest ε, provides an intrinsic advantage for confinement of very energetic trapped electrons. It is further confirmed from the decay times (τ HX ) of the HXR flux (Γ HX ) after the ECRH is switched off. τ HX is ∼10-20 ms for InMS and ∼0.1-0.2 s for LoMS, respectively. Such confinement of very energetic trapped electrons was not apparent for the HiMS case. This trapped energetic electron population defines the nature of the potential well for a given S m regime. Radial profiles of S m for L c ∼14 m for the three coil pairs are shown in figure 3(c). It can be seen from figure 3(c) that by varying B t one can access a reasonably wide range of S m at the density gradient region in QUEST slab plasmas with ECRH. For this study we placed the ECRH fundamental layer at R=0.24 m. Flux contours for the coil pairs are shown in figure 4 . Typical electron density and temperature at the edge are n e ∼10 17 m −3 and T e ∼10-20 eV. The ion acoustic speed c s is ∼44 km s −1 and the effective ion gyroradius ρ s
) is ∼3-5 mm. Both drift and interchange modes being intrinsic to this plasma [16, 17] , experiments are conducted to investigate the turbulence and helical perturbations near the outer plasma edge, where ∇B×∇p>0. A Photron Fastcam SA5 complementary metal oxide semiconductor camera with a frame rate of 7000 frames/s (fps) at full resolution (1024×1024) is used for tangential imaging on the mid-plane of QUEST [33] . Spatial resolution on the tangency plane is 3.7 mm. The camera is operated from the tokamak control room via Gigabit Ethernet, and image acquisition is initiated by an external trigger synchronized with the tokamak operational sequence. The image is transferred away from the view port by a 4.5 m long imaging fiber bundle manufactured by Schott. At the back end the camera is connected with the fiber bundle through an image intensifier. Each frame is made up of 242×242 pixels, and the framing rate is 20 kfps. Three radial locations are defined; the plasma source region (0.35<R s <0.6 m), bounded by a relatively sharp boundary, the intermediate (0.4<R im <0.8 m), and the source-free (0.7<R sf <0.9 m) regions, respectively (figure 1). R im is characterized by a steep intensity gradient near the plasma boundary and R sf by very weak intensity or essentially vacuum, depending on B z /B t . An example of the mean intensity profile showing the three radial locations (R s , R im , R sf ) and fluctuation data at these locations are shown in figure 5 (left panel) for the L c =5.9 m case with InMS. Time series of a blob event dominated case of InMS operated at L c =5.9 m is shown in figure 5 (right panel) . An example of an individual blob event is shown in figure 6 .
Comparison with images using a H α filter indicates that the observed visible image is mainly due to the H α emission. In order to analyze the temporal and spatial evolution of the images it is assumed that the neutrals n 0 are distributed uniformly in the chamber and images are due to the local evolution of plasma or propagating plasmoid whose electrons can excite the neutrals immediately [16, 34] . The intensity I(λ ul ) of a spectral line of wavelength λ ul due to a transition from the upper level 'u' to the lower level 'l' is given (in photons 
. Here A ul is the spontaneous transition probability from upper to lower level and n u is the population number density of the upper level 'u' (=3) of the emitting atom [35] . In the collisional radiative approximation, ignoring recombination, the emissivity can be attributed to the excitation of ground state atoms (n g ) by electrons and the consequent photon emission. PEC exct is the 'effective' photon emission coefficient for the excitation of ground state atoms by the electrons and is a function of n e and T e . The integration denotes the tangential line of sight for each pixel that traverses through the plasma from x 1 -x 2 . The PEC exct data taken from ADAS [36] is shown in figure 7 . If the PEC exct data is fitted with a simple relation ∝n e α T e β , shows negligible dependence on n e with the exponents α∼0 and β∼0.1. Hence, the intensity will be a strong function of n e only as the final exponent of n e in I will be ∼1 as per equation (1) and the intensity fluctuations will reflect mainly the n e fluctuations. It has been shown that, at similar n e and T e in TORPEX, the mean value of the light emission signal recorded with a tangential fast camera depends linearly on n e at varying neutral hydrogen density and ECRH power [23] . In QUEST also, it has been seen that the average intensity in the camera frames nicely follows the line averaged density measurement by microwave interferometry. Hence, in our case too, it is reasonable to interpret the intensity fluctuations as density fluctuations.
The study of blob dynamics in ECRH slab plasma (along with B z by the PF26 coil) with a high speed camera and Langmuir probe simultaneously has been reported earlier [21] . The raw signal of ion saturation current (I sat ) is acquired typically at a sampling rate of 1 MHz. The frequency spectra of I sat revealed that the frequency of blob generation (∼2-4 kHz) constitutes the most dominant part of the spectra. There are other peaks at 70 and 138 kHz also, but, these peaks contribute much less to the spectra as compared to the peak due to the blobs. The Langmuir probe data conforms well to the camera measurements, emphasizing that the fast camera, operated at 20 kHz, can capture well the essential features of the blob-dominated cross-field transport (in slab plasma) in sync with the Langmuir probe [16, 21] .
Spectral features of fluctuations

Cross-correlation
The cross-correlation coefficient (C xy ) is calculated between a reference pixel and for all the pixels, taken one at a time. It is defined as: where x and y are two intensity time series signals, the bar denotes the ensemble average, and n is the number of samples. It is the zeroth lag of the normalized covariance function. Here we will refer this quantity as C Rs , C Rim , and C Rsf , where the subscript stands for the radial location of the reference pixel at Z=0.2 m. Thus, C Rs stands for the correlation coefficient matrix for the reference pixel at R s and Z=0.2 m with all the other pixels. Figure 8 shows the C Rs and C Rim for all the three S m values for L c ∼ 14 m. The background image represents C Rs , while the overlaid contours represent C Rim . In principle, the reference pixel for a given radial region (viz. R s , R im , or R sf ) can be any pixel within that region. The appearance of figure 8 will change a bit as per the choice of the reference pixel within the same radial region, without changing the information content of the figure. LoMS, these cells are still forming, while for HiMS, such connections are not at all apparent at similar L c . This strong connection between R s and R im is the most plausible reason for the formation of large blobs with InMS, traversing away from the source plasma. As will be seen later in section 4, InMS slabs are the most susceptible to blob formation and ejection, while the LoMS slabs are likely to generate blobs, detaching and traversing away from the plasma column, at a slightly lower value of L c as compared to the InMS. On the contrary, the HiMS slabs, featuring highest S m and ε<1 are reasonably quiescent at the edge. A distinct spatial mode can be seen in figures 8((a), (c), and (e)) at R im in all the three cases. Wavelength (λ z ) along Z for this mode grows with decreasing S m for similar L c , as the PF coils are changed. The longest λ z (=0.3 m) was observed for LoMS.
Fourier analysis
The power spectral density (PSD) of the intensity fluctuations shows a coherent peak at ∼3.5 kHz at R s for LoMS when L c goes below ∼18 m. This confirms the appearance of a distinct ) values obtained from ADAS in the density and temperature range relevant to this experiment. coherent mode for the deep potential well. The PSDs for LoMS and InMS are shown in the figure 9. It can be seen that such peak was not observed for InMS (and also for HiMS) even at much lower L c . Figure 10 shows the spectrograms for intensity fluctuations at R s (a) and R im (b), respectively, for LoMS at L c =14.5 m. At R s , this mode appears at ∼3.5 kHz and then gets downshifted slightly to ∼2.5 kHz at R im . The radial and poloidal span of the mode amplitude, within 2-4 kHz is shown in figure 11 . It can be seen that the mode has two radially localized lobes, one strong lobe at ∼2 cm around R im and the other relatively weaker lobe at ∼10 cm inside R im . Further, this mode has a long poloidal span of ∼40 cm.
Wavenumber frequency (k z -f ) spectra
A 2D discrete Fourier transform (DFT) estimate of the poloidal wavenumber frequency (k z -f ) spectra for intensity fluctuations at R im is shown for L c =5.9 m in InMS in figure 12 . The colorbar denotes the magnitude of the DFT. All along the radial direction the k z -f spectra shows a single lobe with k z >0 fluctuations, which means fluctuation (both broadband and coherent mode) propagation is vertically upward in the ion diamagnetic drift direction (IDD). Hence, the propagation direction in this SOL-like plasma is similar to the features observed in the SOL in other tokamaks like Alcator C-Mod [37] , NSTX [15] , and QUEST [38] .
The measured k z -f spectra can be fitted by a single linear dispersion relation ( f=v(k)k/2π) up to a moderate range of frequencies such that poloidal v ph =v g holds for a broad range, as shown in figure 12 . The black solid line represents the linear fit and hence the poloidal phase velocity v ph can be calculated. For the representative case with InMS and L c = 5.9 m, v ph at R im is 1.1 km s −1 . v ph stays in the range of 1±0.1 km s −1 for the L c variation considered in this experiment. However, for LoMS, v ph is 0.5±0.1 km s −1 . Characteristics of the coherent mode can be further investigated in line with the generic estimates of drift-wave-like modes at the density gradient region of these plasmas (R im ). Measured k z at∼4 kHz is 23 m −1 ( figure 12) . Thus, the normalized mode size scale is k z ρ s ∼0.12 (ρ s being∼5 mm), which is qualitatively consistent with the drift-wave size scale of typically k pol ρ s ∼0.2 [15] . The measured intensity (I) scale length at R im is L n =−I/∇I∼10 cm. Here we assume that L n represents the density scale length as described at the end of section 2. The speed of sound is c s =44 km s −1 (for hydrogen). The expected drift-wave phase velocity (electron diamagnetic speed) is v e * =c s ρ s /L n ∼2 km s −1 , which is reasonably consistent with the observed phase velocity v ph 1±0.1 km s −1 . Thus, we tentatively identify the coherent mode as a drift-wave-like mode.
Statistical features
Statistical features have been reported in detail earlier for slab annular plasma [16] as well as Ohmic HFS limited plasma [6] in QUEST. However, for slab annular plasma generation, 2.45 GHz ECRH was used in the earlier work with only InMS. Here we intend to report the characteristics of slab annular plasma as a function of magnetic shear S m .
The fluctuation amplitude is the highest for the InMS configuration as compared to similar L c for the LoMS and HiMS configurations. In fact, the fluctuation amplitude grows steadily with the field line pitch for InMS, as reported earlier [16] , and finally distinct blobs start to appear when L c is10 m. Distinct blobs with intermittent intensity bursts can be seen at R sf . Unfortunately we could not achieve L c <14.5 m for LoMS or HiMS due to coil current rating and power supply limitations for these coil pairs. ) and variance
. The standard deviation is given by s m = . 2 The higher order moments of the p(x)-like skewness s=μ 3 /μ 2 3/2 and kurtosis k=μ 4 /μ 2 2 −3 characterize the shape of the PDF. These shape factors can be explored to understand the statistics of the fluctuations leading to the physical stochastic principles [16] . Higher skewness indicates the fluctuations to be driven toward intermittency. Figure 13 shows the variation of mean skewness (s mean ) at R im and R sf , with connection length L c (a) and magnetic shear S m (b), respectively. s mean is calculated for the skewness at all pixels in the poloidal direction and 3 pixels radially about the central location of a given radial region. s mean stays slightly higher for InMS as compared to HiMS and LoMS. s mean stays predominantly higher at R im as compared to R sf . It is worthwhile to recollect here that R im is the steep intensity (density) gradient region and is identified as the location of blob generation [16] . s mean increases a bit for InMS, at both R im and R sf , with decreasing L c till Lc ∼ 35 m and then drops off gradually. As L c reduces to ∼10 m, s mean goes down fast at R im , while shooting off abruptly at R sf . This is a result of the blobs detached from the main plasma column and traversing through R sf . Such blobs are now abundant at the R sf for L c 10 m. A similar trend has been seen for σ/μ variation. σ/μ may be treated as the root mean square (rms) fluctuation level, normalized to the mean, for a given time series signal. There is a peculiarity with HiMS in this regard. It can be noted that even if the rms fluctuation level is predominantly higher at R im , comparable to InMS, yet the PDF continues to remain near-Gaussian all along. Further, it seems that if L c can be reduced below ∼10 m for LoMS, distinct blobs are likely to be observed for this magnetic shear. However, for HiMS, an upward trend is not apparent in s mean as L c is lower. It can be noted again that HiMS is the only coil pair with negative field line curvature and ε<1. At L c ∼15-25 m, there seems to be a rather quiet region with both s mean and σ/μ tending to achieve a minima for both InMS and LoMS.
The relation between s and k is plotted for the SOL in figure 14 . The data show a well-defined distribution around a simple quadratic curve as observed earlier in different plasma devices. The red circles represent the s versus k relation at R im around the mid-plane. k im are shifted by +5 to show the variation in the parabolic fit (green dashed-dotted curves of R im ). The black dots represent data from the wide SOL. The scattered points of s versus k are fitted to the parabolic relation
, and the coefficients A and C are determined. Figure 14 shows the data from R im (red circles) and overall SOL (black dots), representing the parabola with the coefficient A for InMS and LoMS, respectively for similar L c ∼ 14 m. Data from the HiMS case is omitted in this analysis as s mean stays quite low and there is hardly any spread at R im for the skewness in this case. Hence, it is difficult to fit the parabola. But, the skewness staying low suggests that the PDF does not deviate from Gaussian. Numbers in the square braces denote the 95% confidence interval of the fitted coefficient A.
It can be seen that A assumes values both greater than and equal to the earlier reported [39, 40] value (A=3/2) for the InMS and LoMS cases, respectively. C was found to be ∼0 in both cases. A can be precisely 3/2 for the gamma distribution as shown earlier in the logistic model [6, 16] . Here we invoke the logistic model briefly and the details are given in [6, 16] . Assuming that the intensity fluctuations in our case resemble the plasma density fluctuations as stated in section 2, a simple nonlinear Langevin equation [41] [42] [43] for a random variable x, representing the plasma density fluctuation, is:
where λ is the linear growth rate and b is the nonlinear damping amplitude. Λ(t) represents a δ-correlated Gaussian process with amplitude Q,
is the exponent of nonlinear damping. It can be noted that linear growth and nonlinear damping are considered in this model. However, it can be noted that identifying the terms in equation (3) with exact physical processes is clearly non-trivial from the present dataset. Hence, this simple logistic model represents nonlinear systems in general and is not specific to this problem of blob-dominated cross-field transport and associated coherent modes. The corresponding Fokker-Planck equation is:
Steady-state solution of equation (4) ¶ ¶ = p t 0 0 yields the expression,
The parabolic relation between s and k for the class of PDFs represented by equation (5) are shown in reference [6] . A has been shown [6] to be precisely 3/2 for the gamma distribution with second order nonlinear damping, such that γ=1 in equation (3) . This is similar to our observation in the LoMS case. A can assume values higher than 3/2 when a situation with less than second order nonlinear damping is observed at R im. Further, it has been suggested [6, 40] from the frequency analysis that A can attain a reasonably precise value of 3/2 when the density fluctuations are dominated by the drift-wave instabilities (1f10 kHz; f being the fluctuation frequency). Frequencies higher or lower than this range may deviate A from 3/2, which indicates that fully developed turbulence has gained prominence over the drift-wave instabilities. Thus the logistic model suggests that at InMS, fully developed turbulence might be playing the key role in the generation of blobs while in case of LoMS, the drift wave is the deciding factor for edge and SOL fluctuations. Hence, the InMS case, in particular, may be analyzed further in the future for fractal dimensionality with higher temporal resolution data.
Combination of mirror ratios
With all these observation, the next logical step would be to combine the mirror ratios by simultaneous operation of two or more coil pairs. In other words, it is rather obvious to look for solutions where the distinctive features of the individual coil pairs can be combined. The goal is to see if the amplitude or frequency of the blobs, seen in InMS operation, can be altered by introducing the coherent mode seen in LoMS operation. Here we try to maintain the value of L c for a comparison of the only InMS case with the case with a combination of InMS and LoMS. Figure 15 shows the bursty intensity time series at R sf for similar L c in the corresponding cases. In figures 15(a)-(b) L c is maintained at ∼7 m. This is the limiting L c for detached blob observation. L c variation within the corresponding cases is within 3%. In figures 15(c)-(d) L c is maintained at ∼7 m. Brisk blob activity can be seen here. L c variation is within 7% in these corresponding cases. It can be seen in both the values of L c , even though the variation in L c is small enough, the blob strength has increased by ∼70%. Figure 15 (e) shows the PDF p(x) of the waiting times for blobs at R sf for L c =5.9 m. Fluctuation data from 5 pixels at R sf , placed at an inter-pixel distance of 2 cm vertically, are stacked to obtain better statistics for blobs. p(x) shows an exponential distribution with the black solid line denoting the exponential fit (y=e (−Δ t/ λ) ). Thus, the blob generation process can be interpreted as a Poisson process occurring continuously and independently at a constant average frequency. The fitting parameter λ for p(x) is 4 ms and does not change significantly with the combination of mirror ratios. So, it can be concluded that in the presence of the coherent mode, a feature of the LoMS operation, the InMS blob strengths are increased drastically while the average blob frequency remains unchanged.
Summary
Fluctuation characteristics are observed to differ considerably with the variation in S m . Slab plasmas with InMS are more susceptible to generate visibly distinct blobs with decreasing L c . Slabs with LoMS feature triggering of a coherent mode at ∼3 kHz as L c is decreased below ∼18 m. Slabs with HiMS are most quiescent and are not likely to generate visibly distinct blobs or coherent modes even at similar L c as that of their other S m counterparts. At InMS, fluctuations are dominated by broadband turbulence, while at LoMS drift wave predominance is observed. The propagation direction of the fluctuations remains in the IDD similar to tokamak SOL. The propagation velocity is double in the case of InMS as compared to LoMS. Finally, when the PF coil pairs for the InMS and LoMS cases are combined, considerably stronger blobs with similar average blob frequency are observed in the presence of the coherent mode. Hence, such suitable combination of magnetic shear can be used as a tool to modify the density gradient scale length at the edge, edge turbulence characteristics, and thereby control the cross-field convective intermittent transport across the last closed flux surface (LCFS) in tokamaks.
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